Central neurogenic hyperventilation (CNH) is a rare clinical condition, whose mechanism is still unclear. Here, we report a 3-year-old male patient, who had bilateral thalamic, putaminal and globus pallideal infarction resulted in CNH without brainstem involvement. This case may illustrate a possible role for the thalamus in regulating ventilation.
Introduction
Central neurogenic hyperventilation (CNH) is a rare condition and defined as a syndrome comprising normal or elevated arterial oxygen tension, decreased arterial carbon dioxide tension, and respiratory alkalosis with hyperventilation even during sleep. [1] [2] [3] The diagnosis of CNH requires the exclusion of pulmonary, cardiac, and metabolic disorders that can result in hyperventilation. To date, 44 cases have been reported in the literature and majority of these cases were secondary to tumoral lesions involving the brainstem. We report here a 3-year-old male patient presented with asphyxia and diagnosed as CNH related to diffuse thalamic infarction.
Case Report
A 3-year-old boy, who was intubated, was admitted to the emergency care unit. His parents had found him unconscious and cyanotic in the garden and there was a mark of his rainhood on his neck, which suggested suffocation. He was resuscitated twice before his admission to our hospital. On admission his Glasgow coma score (GCS) was 3. Electrocardiogram and chest radiograph were normal. An emergency brain magnetic resonance imaging (MRI) was performed. Although there was no apparent lesion in the brain stem, bilateral diffuse thalamic, putaminal and globus palllideal lesions were detected on MRI (Figures 1 and 2 ). Examination revealed tachypnea (respiratory rate, 42/min), but other findings were normal. Arterial blood gases (ABGs) were pH, 7.52; PaCO 2 , 29 mmHg; and PaO 2 , 142 mmHg. The chest radiograph, electrocardiogram, and echocardiogram were normal. Laboratory studies disclosed the following values: hematocrit, 33.7%, white blood cell count, 10.6×10 9 /L; sodium, 140 mEq/L; potassium, 3.7 mEq/L; serum urea nitrogen; 6 mg/dL; creatinine, 0.21 mg/ dL; and glucose, 110 mg/dL. Liver transaminases levels were normal. Serum lactate level was 1.97 mmol/L (normal range 0.5-2.2). His electroencephalogram was normal. His tachypnea could not be treated with analgesia (fentanyl infusion) and sedation (midazolam infusion). On the 16th day of admission hyperventilation resolved spontaneously. Tracheostomy was performed and he was discharged from the intensive care unit in vegetative state with normal ventilation.
Discussion
The pathophysiologic mechanism of CNH is unclear. It has been shown that in animal models, stimulation of the lateral parabrachial nucleus increased the respiratory rate. 4, 5 Stimulation of respiratory control areas in the pons and medulla could explain CNH but it is not sufficient. It has been known that pontine respiratory group neurons modulate the respiratory rhythm. But animal models that disconnect the pontine respiratory group from the medulla have not resulted in CNH. 6, 7 Elevated CNS lactate levels could be a reason of hyperventilation by stimulation of medullary chemoreceptors. [8] [9] [10] [11] The lactate levels of our case were in normal range during hyperventilation state. Theoretically, hyperventilation could be seen in ictal-period during convulsions. Nevertheless intermittent hyperventilation would be more likely explanation in these cases. 12, 13 No ictal or interictal discharges were determined on electroencephalogram of our case during hyperventilation. The thalamus has multiple functions in the brain. The thalamus plays a major role in regulating arousal, the level of awareness, and activity. It also plays an important role in regulating states of consciousness. Similar to our case, Johnston et al. described chronic dyspnea and hyperventilation in a patient with subcortical infarcts in the medial thalamus bilaterally. 14 These cases suggested a possible role for the thalamus in regulating ventilation in addition to the brainstem. Based on these information's, we thought that thalamic lesion may be more likely causing to CNH in our patient.
To date 44 cases were reported with CNH in the literature (Supplementary Table S1 ). Detailed clinical information of five cases was not available. Thirty of 39 patients (77%) had malignancies such as lymphoma, astrocytoma, glioblastoma and medulloblastoma. Other three underlying pathologies of CNH were multiple sclerosis, encephalitis and Anti Nmetil-D-aspartat encephalitis. Similar to our case one patient, who was 79 years old, had CNH due to thalamic infarction without brainstem involvement. 14 Kramer et al. described a male awake patient, who had chronic lymphocytic inflammation with pontine perivascular enhancement responsive to steroids syndrome (CLIPPERS) and diagnosed CNH. 15 Majority of cases (77%) were adult. To our knowledge our case is the youngest patient diagnosed with CNH in the published literature.
Conclusions
In this report, a 3-year-old male patient, whom had bilateral diffuse thalamic lesion due to post-hypoxic damage resulted in CNH, was presented. Findings of this case support the possible role of thalamus in respiratory control. 
